To determine which sampling method may be best employed to monitor changes in fish species composition in littoral areas of small north temperate lakes (≤50 ha), data were collected using distance sampling, based on the line transect method, and a traditional fish sampling method of baited minnow traps. These methods were independently biased in terms of their estimates of species presence and abundance. However, analyses of fish community structure indicated that minnow trap data alone provided a better measure of community structure than did distance sampling data alone. Distance sampling, although a powerful tool in estimating population density, is hindered by a multitude of environmental variables that do not preclude the use of minnow traps. Lakes with clear water containing few species with abundant individuals are best suited for distance sampling. Minnow traps proved to be a fast, efficacious sampling method capable of fairly accurately defining the littoral small-fish community structure in most lakes sampled. These traps are a reliable method for monitoring presence or absence and relative abundance of small-bodied fish species in north temperate lakes. However, the combination of minnow traps and some form of visual sampling will help to ensure that all species are detected in small north temperate lakes.
Introduction
Recent studies (McGinn 2002) suggest that global warming has the potential to alter the distribution and influence the rates of extirpation of some fish species in north temperate lakes, in particular small-bodied, littoral species (Jackson and Mandrak 2002) . Therefore, it is important to monitor changes in fish community structure within these lakes. Estimates of fish abundance, composition, and distribution are critical components of ecological studies attempting to examine community structure and organization. Choice of collection method influences both presence or absence data and abundance estimates (Connolly 1994) , and some studies have attempted to compare fish-collection methods (e.g., Jackson and Harvey 1997) . Baited minnow traps have a long history in their use to estimate small fish species populations (e.g., He and Lodge 1990) or whole-lake assemblages (e.g., Bendell and McNichol 1987) . Estimates of fish abundance using trapping methods are biased by size selection (Pierce et al. 1994) , species selectivity (Holland and Peters 1992) , water temperature (Stott 1970) , use of bait (Gerhardt and Hubert 1989) , seasonality, sampling location, and fishing time (Craig and Fletcher 1982; Hamley and Howley 1985) . Other methods of sampling littoral fish communities include electrofishing, seine netting, and trawling, which have their own sets of inherit biases (Hayes 1983) .
Problems associated with creating accurate and (or) precise estimates of fish populations because of gear selectivity and bias have stimulated fish ecologists to explore visual assessment techniques. Underwater observation of fishes can be a valuable technique to census populations, assess distributions and habitat utilization, and monitor behavior (Griffith 1981 ). An alternative to using visual enumeration techniques to estimate population density is to use sighting models based on distance sampling (Eberhardt 1968; Burnham and Anderson 1976 ; but see Buckland et al. 2001 for a thorough introduction to distance sampling, and Buckland et al. 2004 for an advanced look at distance sampling). These methods have been used extensively in wildlife studies (e.g., Gates and Smith 1980; Guthery 1988 ) and found to provide reliable density estimates despite problems surrounding visual sampling.
Distance sampling employing line transects is based on the probability of detecting groups or individuals depending on their perpendicular distances from a randomly set transect line. Distance sampling techniques are distinguished from other visual-census techniques in that the ability of an observer to detect the target object is expected to decrease with increased distance from the line transect. Distance sampling methods use a detection function that corrects for spatial changes in the observer's ability to detect objects across habitats, unlike other underwater enumeration methods. Density estimates are then calculated based on the rate with which the detectability of the object decreases with increasing distance from the observer. This approach allows for the fact that not all objects will be detected (Buckland et al. 2001) , overcoming some of the problems associated with other visual techniques. Studies indicate a preference for distance sampling employing line transects over other visual methods because of greater efficiency and lower variance (Burnham et al. 1985; Thresher and Gunn 1986) .
Although line transect methods have been used in wildlife studies for over 40 years, these models based on distances have only been applied sporadically to studies of fish populations (e.g., Thresher and Gunn 1986; Ensign et al. 1995; Kulbicki and Sarramegna 1999) , although they have been shown to provide reliable estimates of objects in some lakes (Bergstedt and Anderson 1990) . Before accepting distance sampling techniques as being suitable for fish community studies, it is important to know how they compare with other standard fish-collection methods. However, the use of distance sampling has not been compared with traditional fish trapping techniques, such as minnow traps. Given that distance sampling should be best suited for shallow, well-illuminated, littoral sites, we compared these two approaches in the habitat where distance sampling should be at its optimum.
Our study compares the ability of distance sampling, using the line transect method, and minnow traps to detect the presence and quantify the abundance of small-bodied fish in the littoral zone of small, north temperate lakes. We then compare the fish community structure as defined by either method with the fish community structure as defined by a combined data set of both methods.
Materials and methods

Study design
We conducted a survey of 14 lakes for fish presence and abundance in mid-July to mid-August 1998 (Tables 1 and 2) . Lakes chosen for this study were all ≤50 ha in size and were accessible via hiking, portaging, and canoeing. Secluded lakes were preferred to prevent tampering with sampling gear and other sources of disturbance. Water clarity was an important factor in the selection of sample lakes to allow for the identification of fish under water. Owing to the heterogeneity of lakes chosen and a need to compare habitat complexity types for a joint study (MacRae and Jackson 2001) , sampling sites were stratified to include both complex (relatively high quantities of large and coarse woody debris and (or) vegetation) and simple habitats (relative little structure composed mainly of soft bottom). However, all results presented herein are representative of the lake by combining all samples in a given lake. Within each sampling site, distance sampling and minnow traps were randomly sampled within the habitat types, resulting in a stratified, randomized design.
Sampling protocol
The line transect method of distance sampling (hereafter referred to as distance sampling) was employed to identify species composition and to estimate the density of littoral zone fish assemblages. All transects were 5 m in length and were made of nylon rope and small lead weights. A 5 m transect was chosen after a pilot study demonstrated no difference in density estimates and because the coefficients of variation differed little among 5, 10, and 20 m transects. All transects were set parallel to the shoreline, between 1.5 and 3.0 m from shore. As the littoral zone may rapidly increase in depth in some locations, the use of transects perpendicular to shore would have resulted in many transects having one end so deep as to impair the counting and identification of the fish. Therefore, the detection function would change considerably along each transect. For this reason and to maintain more comparable habitat uniformity within a transect (this also varies with depth), transects were oriented parallel to the shoreline. The water depth and clarity dictated the allowable distance that transects were set out from shore. A total of 90 transects were swum per lake. The only exception was where the lake was too small to allow for this. In these lakes, the entire lake perimeter was swum. Two observers were employed to maximize the number of lakes sampled during the available time. During the previously mentioned pilot study, two observers collected fish and learned how to identify fish (Scott and Crossman 1973) and then spent time learning how to identify these same fish under water. At the end of the pilot study, the observers were tested for fish identification and density estimates between observers were examined. Estimates varied little by species in a given lake, but variation increased as species abundance decreased. This was expected because with fewer observations, the distance sampling method is less precise (Buckland et al. 2001 ). Prior to sampling, an acclimation time of a few minutes was allowed to reduce disturbance of fish. Observers snorkeled the littoral zone facing the shoreline and identified each fish or group of fish to species and then measured the perpendicular distance of fish(es) from the transect line using a meter stick. Data were immediately communicated (via snorkel) to an assistant who recorded data. Swimming speed was slow and deliberate to prevent disturbance of fish (Eberhardt 1968) . Upon completion of distance sampling, each lake was sampled with minnow traps to identify species composition and estimate the relative abundance of small-bodied fish in the littoral zone fish assemblage. Minnow traps were chosen because they are common gear employed to sample littoral fish assemblages in north temperate lakes (e.g., Bendell and McNichol 1987; Jackson and Harvey 1997) , and because they could be set in almost any lake or habitat type. A total of 18 baited minnow traps were set per lake (three per site with a total of six sites per lake). These were commercially available Gee minnow traps with an opening diameter of 2-3 cm and a mesh size of 0.5 cm. Traps were baited with a dry, cereal-based dog kibble and were set near the shoreline at depths ranging from 0.5 to 2.0 m. Traps were set overnight and collected in the morning, with a total fishing time of approximately 16 h. Fishes collected were counted and identified to species and released in situ.
Data analysis
The program Distance 3.5 (Thomas et al. 1998 ) was employed to calculate density estimates from line transect data. The concept underlying line transect sampling is that the probability of observing the object of interest is a function of its perpendicular distance from the observer (Buckland et al. 2001) . Reliable estimates of density from line transect data require three assumptions to be met (Buckland et al. 2001) : (i) objects of interest directly on the transect line are never missed; (ii) objects of interest are observed at their initial location, prior to any movement in response to the observer; and (iii) distances are measured exactly, although bins can be used. When precision is required to facilitate statistical comparisons, a coefficient of variation (CV) of less than 20% is desired (Thresher and Gunn 1986) ; therefore, density estimates with a CV greater than 20% were considered imprecise.
There are a number of detection functions to choose from when analyzing data in Distance 3.5, and the detection function model chosen can influence the estimates of density. Our approach was to choose a fit for a diverse assemblage of species, whereas other studies often focused on one or few species and choose a model accordingly (e.g., Ratti et al. 1983; Anderson and Southwell 1995; Pelletier and Krebs 1997) . Thus, for comparative reasons, a desire to be consistent, as well as for logistical and timing reasons, one model was chosen and the same analysis was done for each species. The uniform polynomial model was chosen using the Akaike's Information Criterion test (Buckland et al. 2001) . The data were truncated as suggested by Buckland et al. (2001) Table 2 . Codes for species with their common and scientific name.
Relative abundance estimates of minnow traps were derived from mean catch per unit effort (CPUE) for each species in each lake sampled. Correspondence analysis (CA) was employed to summarize different types of underlying structures of lake fish assemblages and to determine if patterns in fish assemblage structure were dependant on sampling technique. CA was performed with presence or absence data, mean CPUE, and density estimates to detect qualitative and quantitative differences in assemblage structure.
Procrustes analysis was employed to quantify the differences in CA results that used combined sampling data against distance sampling or trap data alone based on the presence or absence data. For this comparison, the combined data matrix was designated the reference matrix. Procrustes analysis compares a pair of data matrices by using a rotational-fit algorithm that minimizes the sum-of-squared residuals between the two matrices (i.e., m 2 statistic; Gower 1971; Jackson 1995; Peres-Neto and Jackson 2001) or using medians in resistant-fit methods (Siegel and Benson 1982) . Residuals were calculated between the original values and the best-fit solution using the resistant-fit method. The resultant m 2 value is a goodness-of-fit statistic that describes the degree of concordance between the two matrices (i.e., how well do the two ordination solutions match?). The m 2 ranges from 0, which indicates a perfect match between the two configurations, to 1, a maximum mismatch value.
Results
Species detection and quantification
The distance sampling and minnow trap methods were independently selective and biased in their detection of the presence of all small-bodied fish species in littoral habitats. We show which species were detected by only one method in any given lake (Table 3) . Distance sampling was able to detect the Iowa darter (Etheostoma exile) in Sproule Lake, which was not captured in minnow traps in the same lake. Only one Iowa darter was captured using minnow traps during the pilot study in Sproule Lake, even though they were relatively abundant during distance sampling (e.g., an average of 6.5 Iowa darters per shoreline swim in Sproule Lake). Distance sampling also detected the presence of bluntnose minnow (Pimephales notatus) (in 1 of 14 lakes), blacknose shiner (Notropis heterolepis) (in 2 of 14 lakes) and brook stickleback (Culaea inconstans) (in 1 of 14 lakes), whereas minnow traps in those same lakes missed them. These (Jake and Little Wren lakes) were lakes that contained few smallbodied species and were dominated by smallmouth bass (Micropterus dolomieu), which have been shown to alter the abundance and distribution of small-bodied species (MacRae and Jackson 2001). Distance sampling often detected the presence of young, large-bodied individuals, including largemouth bass (Micropterus salmoides), smallmouth bass, and white sucker (Catostomus commersonii) (at least one of these species was detected with distance sampling in 4 of the 14 lakes, whereas they went undetected by minnow traps). Phoxinus spp. were not detected using distance sampling in lakes where they were not one of the most abundant species, but were caught in minnow traps in these lakes (e.g., 29 were caught in Sunday Lake with a mean CPUE = 1.61, whereas none were detected during distance sampling).
Lakes studied were relatively low in species richness and abundance of fish compared with tropical or south temperate lakes. This led to a low number of observations and resulted in highly variable estimates of density using the distance sampling (Appendix A). Anderson et al. (1979) recommended a minimum of 40 objects be detected when using the line transect method of distance sampling, but that the location of 60-80 objects of interest is preferable. During this study, it was often difficult to achieve 60-80 observations because of the rarity of some species and schooling behavior of fish (i.e., one group of fish equals one observation). For example, species that were rarely observed, such as the bluntnose minnow in Heron Lake, had a density estimate of 0.19 fish·m -2 and a relatively high CV of 63.9%; while using minnow traps, we observed a mean CPUE of 0.39 with a CV of 42.3%. However, species that were more abundant, such as Phoxinus spp. in Bluff Lake, provided a large number of observations and a density estimate with a relatively low CV (D = 1.6 fish·m -2 , CV = 29.1%, mean Note: Species codes are described in Table 2 . Table 3 . List of number of species detected in lakes using line transect method and minnow trap sampling. CPUE = 38.0, CV = 17.6%). Burnham et al. (1985) suggested that line transects may avoid and (or) reduce the bias of high variances associated with small sample sizes produced by other distance sampling methods (e.g., strip transect method), because the line transect method adjusts for a decreasing detection function as a function of distance. However, in this study, only those lakes containing few species with abundant individuals were able to produce density estimates with relatively low CVs (Appendix A). The presence of the observer during distance sampling affected species differently and each species' density estimate differently. One of the assumptions of the distance sampling method is that individuals-groups do not move in response to the observer. Although no response of fish to the observer after the acclimation period was the norm for most species (e.g., blacknose shiner), other species (e.g., rock bass, Ambloplites rupestris) were disturbed by the presence of the observer and avoided the sampling area, whereas others appeared to be attracted to the observer (e.g., pumpkinseed, Lepomis gibbosus). Clumping did occur at 1 m with many species, which we cannot explain, but it may have been an indication of species avoidance. Species-specific behaviors, such as swimming circles around observers (e.g., common shiner, Luxilus cornutus), often made it difficult to ensure that each fish or group of fish was counted only once on a single transect. These results indicate that the mobility and behavior of many species may hinder the use of distance sampling.
The presence of most small-bodied fish species can be detected in a lake 50 ha in size or less when using 15-20 minnow traps (Jackson and Harvey 1997) . Therefore, by setting 18 minnow traps per lake, we expected to capture most small-bodied fish species found in the littoral zone. Minnow traps were consistently better than distance sampling at detecting the presence of creek chub (Semotilus atromaculatus), golden shiner (Notemigonus crysoleucas), Phoxinus spp., and rock bass. At least one of these species, and a maximum of three, went undetected by distance sampling in 9 of the 14 lakes. Both methods equally detected the presence of the common shiner, fathead minnow (Pimephales promelas), pearl dace (Margariscus margarita), pumpkinseed, and yellow perch (Perca flavescens). These species were common and relatively abundant in most lakes sampled, with the exception of pearl dace, which was found only in 2 of the 14 lakes sampled. During this survey, brown bullhead (Ameiurus nebulosus) were detected in only one lake using minnow traps, while going undetected using distance sampling. Additional sampling in other lakes from the area indicated that brown bullhead were consistently missed by distance sampling but were detected using minnow traps (MacRae 1999).
Species behavior, size, and piscivory may have influenced catches, but the minnow trap method successfully detected the presence of the majority of the small-bodied fish species as compared with a data set of both sampling methods combined. No specific species avoidance behaviors were detected. Given the small body size of littoral species, including juveniles of large species, size selectivity was not an issue (see MacRae and Jackson 2001) . The largest fish captured in a minnow trap was a brown bullhead measuring 164 mm, well above the average size of most littoral fish species found in such north temperate lakes in Canada (Scott and Crossman 1973) . Size selection of species by minnow traps excluded adults of large-bodied species such as adult white suckers, smallmouth bass, and largemouth bass, and there were times when minnow traps did not detect the juveniles of these species that were observed during distance sampling. However, it is unlikely that this was due to size limitations because small juvenile smallmouth bass, largemouth bass, and white sucker were observed in the littoral zone of these lakes. Thus, it may have been simply gear avoidance.
Species-lake relationships
In this paper, we focus mainly on the comparison of methodologies rather than explaining ecological processes (see MacRae and Jackson 2001); however, it is important to show that different methodologies often alter interpretations of community structure. As indicated earlier, minnow traps and distance sampling have their own inherent biases. Use of only one technique may result in the loss of important data and a biased interpretation of community structure. Therefore we wanted to summarize the fish-lake community structure employing CA using combined sampling data (i.e., the best estimate of community composition) and then compare it to parallel analyses employing distance sampling or trap data alone. Combined presence or absence data from both the minnow traps and distance sampling data represent the most complete presence or absence data set for lakes sampled. The CA using combined sampling data (Fig. 1) during this survey shows a distinct separation of lakes, where lakes composed predominantly of larger, mainly centrarchid species are separated from lakes containing small-bodied species, predominantly cyprinids and the brook stickleback (Fig. 1) . Sproule Lake and Sunday Lake are separated from other lakes along the first and second axis by the presence of more rare species (e.g., brown bullhead, Iowa darter, and pearl dace).
Species closest to the origin (i.e., blacknose shiner, common shiner, creek chub, pumpkinseed, and yellow perch) are common species and were found in most lakes. Species positioned at the far end of axis one (i.e., brook stickleback, Fig. 1 . Axes one and two from a correspondence analysis using species presence or absence based on combined sampling data. Circles identify lakes, whereas triangles identify species. Abbreviations for lakes can be found in Table 1 ; species can be found in Table 2. fathead minnow and Phoxinus spp.) indicate that these species were generally found in the same lakes (Fig. 1) . This particular group is separated from the group containing largemouth bass, smallmouth bass, and rock bass, indicating that these two groups were not often found together in the same lake. Blacknose shiner and bluntnose minnow (smallbodied species) are positioned between lakes with and without large-bodied centrarchids.
When we compare the CA of the combined data set (Fig. 1 ) to the CA of the distance sampling data alone (Fig. 2) , the same separation between lakes with and without largebodied centrarchids is not apparent. Sproule Lake and Sunday Lake appear to be more similar to lakes containing centrarchids because of species undetected by distance sampling. Phoxinus spp. were missed using distance sampling alone in both lakes, whereas common shiner and golden shiner were missed in Sproule Lake and creek chub were missed in Sunday Lake.
The CA of the minnow trap data alone (Fig. 3) provides similar trends in underlying data structure in species-lake relationships as the CA based on the combined sampling data (Fig. 1) . The second axis is not as clearly separated as the CA based on the combined data set because of the lack of Iowa darter in minnow trap catch data. But overall, the community structure defined by the trap data alone appears to be a closer match to the combined data set than structure defined by the distance sampling data alone.
To evaluate this apparent trend, we compared the similarity of the ordination plots using Procrustes analysis (PeresNeto and Jackson 2001). The superimposition plot of the lake ordinations (the CA of presence or absence data of combined sampling data and the CA of either distance sampling or minnow trap data alone) shows a strong pattern of concordance for most lakes (Figs. 4a, 4b) . Concordance was stronger for trap data (m 2 = 0.134) than for distance sampling data (m 2 = 0.227), indicating that the minnow trap data alone provided a summary of the community structure closer to that of the combined data set than did the distance sampling data alone. The largest residuals for the individual lakes based on distance sampling data were Plastic Lake and Sunday Lake. Plastic Lake, an acidic lake, had two of four species undetected by distance sampling, whereas minnow traps detected all four species. Species missed included creek chub and yellow perch. Acidic lakes often have a low species richness and low abundance of fish (Harvey 1989) , which may explain why these species were not observed during distance sampling. Sunday Lake had three species not observed in distance sampling, including brown bullhead and two cyprinid species: creek chub and Phoxinus spp. The lakes with the smallest residuals employing distance sampling include Marmot, Bluff, Jake, and Poorhouse lakes. Fish assemblages in these lakes consisted of few cyprinid species with abundant individuals, indicating that such lakes would likely be accurately evaluated for presence or absence using distance sampling alone.
The parallel superimposition plot of the species from these lakes for ordination plots of combined data with either distance sampling or minnow trap data alone shows a similar concordance for minnow trap data (resistant-fit Procrustes m 2 = 0.231) compared with distance sampling data (m 2 = 0.213), although the distance sampling match slightly better (Figs. 5a, 5b) . The largest residuals are found for rock bass based on distance sampling and for white sucker and largemouth bass based on minnow trap data. Rock bass tended to actively avoid the observers and were rarely seen during distance sampling. Both adult and juvenile white suckers were observed during distance sampling, whereas few white sucker juveniles were caught in minnow traps. As well, white sucker adults and adult centrarchids were not captured in minnow traps because of large body size. Largemouth bass were found in only two lakes, Wren Lake and Little Wren Lake, which are connected by a short watercourse. Therefore, largemouth bass collected in minnow traps in Little Wren Lake yet not collected in Wren Lake contributed to the large residual. Only young of the year were found in both lakes. The lowest residuals from the Procrustes analysis were composed mainly of cyprinids (e.g., blacknose shiner, bluntnose minnow, fathead minnow, and golden shiner, as Fig. 2 . Axes one and two from a correspondence analysis using species presence or absence data obtained using distance sampling. Circles identify lakes, whereas triangles identify species. Abbreviations for lakes can be found in Table 1 ; species can be found in Table 2 . Fig. 3 . Axes one and two from a correspondence analysis using species presence or absence data obtained using minnow traps. Circles identify lakes, whereas triangles identify species. Abbreviations for lakes can be found in Table 1 ; species can be found in Table 2. well as brook stickleback) and the most common species across lakes (e.g., creek chub, common shiner, pumpkinseed, and yellow perch).
The CA based on density estimates from distance sampling resulted in a characteristic arch distortion, which is well documented with CA and other community ordination methods. This resulted in lakes that were most similar in terms of species composition to be found furthest away from each other on the first axis. As well, lakes with dissimilar species compositions were found close together. Owing to this arch effect, we could not easily interpret trends in underlying data structure. Therefore, a comparison between the CA based on mean CPUE and the CA based on density is problematic and has been excluded, although this comparison can be found in MacRae (1999).
Discussion
A recent study by Jackson and Mandrak (2002) predicted that a number of cyprinid species could be threatened with extirpation if global warming leads to the expansion of the distribution of smallmouth bass in Ontario, Canada. Owing to this potential expansion and extirpation of some fish in these north temperate lakes, it is important to monitor these potential changes in fish assemblage structure. To do this, we must determine the most efficacious and accurate sampling methods to monitor these types of changes in specieslake relationships. Our study illustrates that the use of a single method can underestimate species richness and present different ideas of fish assemblage structure in lakes, even when restricted to only the littoral region of each lake. Only with use of multiple gears will most species being targeted be detected (Jackson and Harvey 1997) . Both methods examined in this study have inherent biases, but distance sampling was influenced additionally by a number of environmental factors that did not appear to affect minnow traps. Water clarity and general visibility is an important consideration when choosing lakes to employ distance sampling. Several potential lakes were not used in this study because of low visibility, which would have been suitable for sampling with minnow traps or other more standard gears. Substrate often influenced visibility. Lakes with silty bottoms were easily stirred by the transect line and observer, resulting in decreased visibility. Wind also contributed to lack of visibility in those lakes with silty bottoms. On very windy days, we were unable to sample because of low visibility caused by suspended materials. Although the models provided by Distance 3.5 (Thomas et al. 1998) can account for low visibility by decreasing the effective strip half-width, fish identification may have been hindered and sample size decreased, leading to estimates of density with high CVs. However, water clarity, substrate, and wind did not appear to hinder the use of minnow traps.
Additionally, the density estimates using distance sampling may have been influenced by species behavior in response to the observer. Such differences in behavior among fish species has been noted and shown to affect estimates for marine fishes (Kulbicki and Sarramegna 1999) . Buckland et al. (2001) stated that recording the same animal several times on a single transect can result in a large bias. However, a major underlying problem with distance sampling in north temperate lakes was the lack of observation sizes meeting those recommended by Buckland et al. (2001) , thereby resulting in density estimates with high CVs, an indication of possible inaccuracy. Littoral zone fish assemblages of north temperate lakes are more limited in productivity and abundance than tropical and coral reef systems where visual sampling methods are more common, and therefore the need for a large number of observations per species become problems in using distance sampling in north temperate lakes. Reliable estimates of the sighting function can only be obtained with fairly large sample sizes (Ensign et al. 1995) , and Anderson et al. (1979) recommended 60-80 observations of groups or individuals. Large amounts of effort in this study resulted in a high number of observations, but of mixed populations. Because individual species density estimates were desired, the observation size obtained was often insufficient to produce a reliable estimate of density (e.g., CV < 20%). Distance sampling may be a more appropriate technique to study highly productive lakes or lakes with few species but highly abundant individuals. Lakes with the greatest clarity and protection from the wind to prevent bottom sediments from stirring up, with firm substrate, and without a steeply sloped littoral zone should be selected for distance sampling. As well, setting line transects perpendicular to shore may ensure that density estimates are not inflated by only recording distances on one side of the transect line (Buckland et al. 2001) . However, this has the disadvantage of depth and habitat often changing substantially along the perpendicular transect, thereby leading to a variable detection function along the transect.
Many things can influence the effectiveness of minnow traps, such as size selection (Pierce et al. 1994) , species selectivity (Holland and Peters 1992) , water temperature (Stott 1970) , use of bait (Gerhardt and Hubert 1989) , seasonality, sampling location, and fishing time (Craig and Fletcher 1982; Hamley and Howley 1985) . Minnow traps used in this study were potentially influenced by all of these variables; however, we view their catches as more representative of the littoral communities, as there was little difference between the fish assemblage structures between the trap data alone and the combined sampling data. Setting numerous traps overnight (16 h) in all habitats types helped to ensure collection of most littoral species. Size selection of fish entering minnow traps was not a concern because cyprinids and other small-bodied littoral species were small enough not to be biased. Minnow traps did not always detect the presence of juveniles of large-bodied species in these lakes, although the juveniles of these larger species should be able to enter the minnow traps.
Minnow traps left in situ overnight have the added benefit of sampling during the crepuscular period. Cyprinid species have been shown to make diel onshore-offshore migrations (Naud and Magnan 1988). These authors showed that Phoxinus spp. found in the littoral zone during daylight hours moved offshore to more open areas at night to feed on zooplankton, returning to the littoral zone by sunrise. The increased foraging potential offshore was offset by the need to take refuge from predation during the day. Traps may therefore catch species that avoid open areas during the day because of predation by catching the fish at their most active time (dusk to dawn) in the open areas. Thus, traps may prove to be a more integrated approach to quantifying abundance over time compared with distance sampling. Distance sampling may produce very different results if surveyed in the day or night, although the use of lights at night may bias results differently.
Owing to time restraints, which come with most studies, it is important to consider which method is more time efficient and which is preferable if the goal is to increase precision. It would be much easier and faster to increase the number of traps employed compared with increasing the number of transects swum. Additionally, a wider array of habitats can be sampled using minnow traps, some of which may not be suitable for distance sampling.
The use of presence or absence data has been recommended for fish community studies rather than relative abundance estimates, which often are unreliable (Jackson and Harvey 1997) , as has the use of multiple gears to ensure that all species and habitats in a lake are targeted (Jackson and Harvey 1997) . The combination of minnow traps and distance sampling data provided a more complete set of presence or absence data for each lake sampled. The combined sampling data resulted in the strongest evidence of species being structured by the presence of littoral predators (MacRae and Jackson 2001) . Comparative studies of north temperate lakes indicate that fish assemblages are structured by a variety of abiotic and biotic factors. Predation is considered a principal biotic factor influencing structure of fish communities in north temperate lakes (Jackson and Harvey 1989; Jackson et al. 1992; Olden and Jackson 2001) . It is therefore not surprising that the ordination plots showed a separation of lakes with and without large centrarchid species. By comparing the ordination plots of the presence or absence data based on the combined data set with those employing only one sampling method, we found that minnow trap data alone more closely matched the combined data set than did distance sampling alone for the lake data, although they were similar for the species data.
We conclude that when presence or absence data are required to depict species-lake associations of littoral fish communities in north temperate lakes, minnow traps offer an easy and more reliable approach for a greater diversity of habitats and weather than does distance sampling. Minnow trap catches, although also variable (Appendix Tables A1  and A2) , offer an easily repeatable estimate of relative abundance of most species in north temperate lakes. Therefore, when choosing between minnow traps and distance sampling to determine littoral fish assemblage structure in north temperate lakes, we recommend the use of minnow traps. Ideally, a combination of numerous minnow traps, at least 15-20 per lake, supplemented with other sampling gears to ensure the detection of all life-history stages (Jackson and Harvey 1997) and some form of visual sampling offers the best approach to defining fish assemblage structure. Note: Abbreviations for lakes can be found in Table 1 ; species can be found in Table 2 . BNS  100  103  100  69  BNM  42  35  62  18  BRS  58  103  23  BBH  100  CS  100  64  100  CC  37  55  28  69  34  100  22  28  FHM  15  18  21  41  37  GS  47  37  73  100  23  103  100  103  ID  LMB  100   Table A2 . Coefficient of variation for all mean catch per unit effort values for minnow trap data presented in Table A1 . Note: Abbreviations for lakes can be found in Table 1 ; species can be found in Table 2 . 
